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Opportunities for inclusive diffraction at EIC
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Abstract

The possibilities for inclusive diffraction in the Electron Ion Collider, EIC, in the US,
are analyzed. We find that thanks to the excellent forward proton tagging, the EIC will
be able to access a wider kinematical range of longitudinal momentum fraction and
momentum transfer of the leading proton than at HERA. This opens up the possibility to
measure subleading diffractive exchanges. The extended t-range would allow the precise
extraction of 4-dimensional reduced cross section in diffraction. In addition, the varying
beam energy setups at the EIC would allow for precise measurements of the longitudinal
diffractive structure function.
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1 Introduction

Diffraction in DIS, as observed at HERA, consists a large (~ 10%) fraction of all inclusive events
in DIS [1, 2], see the review [3] and refs. therein. In these events the proton stays intact or
dissociates into a state with the proton quantum numbers. The experimental signature of such
events is a final proton registered in a far forward detector, and/or the presence of a large
rapidity gap (LRG) — the former case corresponds to a coherent diffraction where the proton
does not get diffractively excited. The hadronic structure of the t-channel exchange in these
events has been measured at HERA, and parametrized by means of diffractive parton densities.

In this presentation we discuss possibilities of measuring inclusive diffraction at EIC [4].
We describe the physical picture behind the performed studies and briefly present the obtained
results. For some more plots the reader is advised to consult the slides of the talk.
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2 Cross section, structure functions and DPDFs

In Fig. 1 we show a diagram depicting a neutral current diffractive deep inelastic event in the
one-photon exchange approximation. Charged currents could also be considered but in this
presentation we limit ourselves to neutral currents.

The incoming electron or positron, with four k'
momentum k, scatters off the proton, with in- e k _
coming momentum p, and the interaction pro- ( QZ) q

ceeds through the exchange of a virtual photon

with four-momentum q. (B) } x
The distinguishing feature of the diffractive

event ep — eXY is the presence of the diffrac- (3]

tive system of mass My and the forward final

proton (or its low-mass excitation) Y with four p p ?J P’ Y

momentum p’ = (E’, B |, X.P,)-

Figure 1: A diagram of a diffractive
NC event in DIS together with the cor-
responding variables.

In addition to the standard DIS variables, diffractive events are also characterized by

p} + (1 —x ) m’ QP+ ME-t Q2
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(p—p") X, 3 Q2 + W2 P Q2+M§—t
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Here t is the squared four-momentum transfer in the proton vertex, £ (alternatively denoted
by xpp) can be interpreted as the momentum fraction of the ‘diffractive exchange’ with respect
to the hadron, and f8 is the momentum fraction of the parton with respect to the diffractive
exchange. The two momentum fractions combine to give Bjorken-x, x = $&.

The physical picture suggested by Fig. 1 is that the initial proton splits into a final state Y
of momentum p’ ~ (1—&)p and the object which is responsible for the diffractive exchange of
momentum &Ep. The latter, in turn, undergoes a DIS-like process to produce the final state X.
The study presented in the following concerns coherent diffraction (i.e. the non-dissociative
case), where the final state Y is a proton. Experimentally, this requires tagging of the final
proton, which was performed at HERA using Roman pot insertions to the forward beam-pipe.
At EIC we will have much better forward tagging capabilities which is discussed in Sec. 6.
Note that, as compared to HERA, the EIC has rather limited possibilities of the LRG detection,
mainly because of a lower energy range, but also because of the current detector design.

Diffractive cross sections in the neutral current case can be expressed in terms of the re-
duced cross sections

d*oP 2na?

dEdpdQzde ﬂQim v, o7 M(B,£,Q% 1), ()

where Y, = 1+ (1—y)?. The reduced cross sections are, in turn, expressed by two diffractive
structure functions Fg and FE . In the one-photon approximation, the relation reads

2
0P = 9 (B,€,0% ) - - FP(B,E,Q% 1) ®
+

The 3-dimensional reduced cross sections, 0?(3)(& £,Q%), as well as the structure functions,

FDG3)

oL fulfil analogous relations upon integration over t.
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Within the standard perturbative QCD approach based on colinear factorization [5] the
structure functions read

1
d
96,605 0= Jﬁ Z e (8) 2968000, @

where the sum goes over all parton flavors (gluon, quarks), and the coefficient functions Cyy,;
are the same as in inclusive DIS. The diffractive parton densities (DPDF) fiD (that fulfill DGLAP
evolution) are modeled as a sum of two exchange contributions, IP and R:

FPO,8,Q% ) = FRE O fF(2,Q0) + FL(E, ) FR(2,Q%) . (5)

For both of these terms proton vertex factorization is assumed, meaning that the diffractive
exchanges can be interpreted as colorless objects called a ‘Pomeron’ or a ‘Reggeon’ with parton
distributions fl.]P’R(ﬂ, Q?). The ‘Reggeon’ term is the only subleading exchange in this model,
which was enough to parametrize the HERA data. The flux factors f};’ r(&, t) are parametrized
using the form motivated by the Regge theory,

, BP Rt
t)=Ap p—- . (6)
fP’R(gs ) IP,R gzaIP,R(t)_l
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Figure 2: EIC detector acceptance for the standard DIS variables for E, = 18 GeV and

E, =275 GeV. Green area — Rapgap generated data; red histograms — reconstructed
from the detector smeared data.
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Figure 3: Same as Fig. 2 but for diffractive variables £ and f3.

The process of generating pseudo-data is based on three ingredients: extrapolation, bin-
ning selection and systematic error assumption.
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The calculation of extrapolated cross section for the ep diffractive DIS at EIC follows the
model described in Sec. 2. The reduced cross sections for selected values of (,&,Q?,t) are
obtained by performing the NLO DGLAP evolution starting from the ZEUS-SJ parametrization
[6] of the diffractive PDFs. For a detailed description see Ref. [7].

For the UP(3) simulations we assume a logarithmic binning with 4 bins per decade in each of
B,Q2,&. In order to assure that the EIC detector can provide high quality data for the selected
binning we perform a detailed Monte-Carlo study where the data generated by the Rapgap MC
generator ( [8], see also https://rapgap.hepforge.org/) are passed through the detec-
tor simulation (using the EICsmear code [4]). Several kinematic reconstruction methods are
considered leading finally to an optimized method consisting in taking an average from several
of them weighted by their resolution. Within this optimized method a very good acceptance
is achieved, as shown in Figs. 2 and 3.

Once the bins are fixed we calculate the cross sections and add random Gaussian smearing
according to the estimated G, and &, added in quadrature. &, is calculated from the cross
section value and the assumed integrated luminosity of 2 or 10 fb™!; Oys is taken in the 1-5%
range. Except for very large Q? (above 500 GeV?), the errors of simulated data are dominated
by 6

sys*

4 Diffractive PDFs from fits to pseudo-data

0.2 0.4 0.4

T T 0.2

ZEUS-S) 2. ZEUS'S) s
018 | Fits 4 o1s 0.35 | Fit S 4 o35t 1

Fit C mem Fit C mem
0.16 | 777%, 1 o1s 03 | 4 03f 1
0.14 | 0.14 0.25 - 1 025 F k 1
Ro.12 0.12 R o0zr 1 02r 1
o1 o1 0.15 | 4 oasf 1
01| 01 1

0.08 - 0.08 %
0.06 - 12 = 6 GeV2 0.06 L P2 = 20 GeV2 | 0.05 - 12 = 6 GeV2 0.05 |- W2 = 20 GeV2 ‘
L L 0 ‘ L ‘ 0 ‘ L ‘
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
z z z z
(a) quarks (b) gluon

Figure 4: DPDFs from fits to the pseudo-data for E, = 18 GeV and E, = 275 GeV.

The diffractive parton distribution functions were extracted from the fits to pseudo-data
following the procedure explained in Ref. [7]. As compared to HERA we observe much smaller
uncertainty for the quark DPDFs, at least at high values of the longitudinal momentum fraction
z (z = f3). The extraction of gluon DPDFs from the inclusive data only requires access to very
low z and thus we get no improvement with respect to HERA.

5 Longitudinal structure function

At fixed (3, £,Q?) the reduced cross section GP(3) depends on the center-of-mass energy squared,
s, via the inelasticity y = Q?/(sB&),

P = FP (B, £,02) - v, FPP(B, £,Q2), @

where ¥, = y2/Y,.
This, rather weak, dependence comes from the non-zero longitudinal structure function

F]]? ) and is practically measurable at high y only. Precise measurements at several center-of-

. . D(3
mass energies can provide data on F (3)

oL by fitting (7) as a function of Y;..
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Figure 5: FE ® from fits to pseudo-data simulated at 17 center-of-mass energies for

8sys = 2% and integrated luminosity of 10 fb~! — a small subsample.

To explore the possibility of such a measurement we considered three electron energies
E, =5, 10, 18 GeV and 6 proton energies E, = 41, 100, 120, 165, 180, 275 GeV, resulting
in 17 different center-of-mass energies. For the assumed binning we obtained 469 (8, £,Q?)
bins, each containing at least four UP(B) data points. After fitting we got FI]? ) ys. p plots in
76 (£,Q2) bins. Some examples are shown in Fig. 5.

6 4-dimensional diffractive cross section

The EIC detector provides an excellent tagging of the final proton in a wide range of t and xj..
In Fig. 6 we show the kinematic range covered at three proton energies. In each plot the range
covered by HERA is marked with a gray rectangle, and we see that EIC opens a new area for
measurements of the leading proton.
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Figure 6: Final proton tagging. xj, t range of the proton tagged by the EIC detector

for three proton energies, 275 GeV, 100 GeV and 41 GeV. The brown strip marks a

small (~ 1 mrad) region not covered by the current detector design.
In order to simulate data for the reduced cross section O'P(4) we have first performed the
study of acceptance for the assumed binning of the variables related to the proton tagging,
t,x1, P, asdescribed in Sec. 3. We have confirmed a very good agreement of the reconstructed
vs. simulated data.

The results of simulations for 5, = 5% and integrated luminosity of 10 fb~! are shown

sys
in Fig. 7. It can be seen that the dependence of o]r)(“) on both t and £ can be measured with a
very good precision. In particular, the double slope structure of the £ dependence allows for

a clear separation of the leading and subleading exchange contributions according to (5).
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Figure 7: o dependence on t and & in selected (Q2, ) bins.

7 Conclusion

We have studied the capabilities of the EIC to measure diffraction in the inclusive DIS. We
observe an excellent final proton tagging and a very good acceptance and resolution for the
diffractive DIS variables.

Using simulated data for UP(B) and GP(A') we point out the possibilities of a precise extrac-
tion of the quark DPDFs, a measurement of F]]? ®) in a wide kinematic range and a precise
determination of the subleading exchange contribution from the t-dependence studies.
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